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rR AC n W ith high s um el v atio n,the c o shela w ofs ola rind den c e a ngle c anbe vaEdatedafter
the subtractio n of offset co m po nent fro m satelliteim ages . T he offset co mpon ent is mainly
consisted ofpathradiance, whichdepe nds o ntarget sld ac e altitudein visiblebarlds,irlpartlcuhr.
w ith 1o w s un elevaton , thetrr adianc efr o mdiffuse sky or adla c entslope might ha v esignl丘c ant
eHe ct･ In this pape r,the se effe cts are
_
q u antitatl∇ely e valu ated using shado w edp王Ⅹelsln a ctual
satelnteim ages(LANDS A T〝M).
1.Intr oductlo n
ln s atelHtehn ages o v er ruugedte rah , w e
c a nfhd sev eralatm o sphe ric andtopogT aphlc
effects which vary fro m o n epix elto a nothe r.
Thoughthe s obrin cidence arlgk 王sthe m o sts短 -
nifLc ant topogr aphical facto r, there a r e so m e
other ITlin o rfa ctors s uch a sl)･2)･3)
(1)the.pathr adian c e which de p e nd on the
altltude of thetargetp短els,
(2)the r edu ctio n of diffuse skylrradiatlo n on
theta rgetpix elsbe ca us ethe topography
hides a part ofskyhemisphere,
(3)their radiatio n o nthe target pixelreflected
byt士1e ad 始ce ntslope.
When w edeal withthe satelliteim ages with
lo w sun el vatio n orhazy atm o sphe ric c o ndi-
tio n s, c arefulattent!o rl Sho uld bepaidto the se
effe cts tholghthe pr edse c orr ectio n s eem sdif-
flcdt.
In this paper, w e wi uevalu ate these min o r
effectsby usbg shadcw edDiE els ofan actu alsat-
eliteim age(L A N D SATnM). Fo rthis purpos e,
w e pr epare adigitalelvatlo n m odel which is
c o n site nt to the satelliteim age, a nd calculate
s o metopqgraphicparam ete r s s uch a sho 血 o n4)
and vie w shed5)for ea ch pix ela s wellas s ola rin -
cidenc e a ngle. T he sateniteim ageis ge o m etri一
cally c o rectedto ove rlay these param eters.
2 . Tbeo r etlc al ba ckgrou nd
2.1 Modemllg Ofs atelhtelev el r adianc e
Sate11itele v elr adian c e(Ls)oftarget pixel
(冗 ,y) m ainly consisits of r efle ctedta rget
irr adiance(Io) andpath r adianc e(Lp)a s2)
b - Ts(z)R(Ⅹ,y)Io 十 Lp(z) (1)
wher e zis alt比ude, R istargetr e丑ect ance, sis
s e n s or sc an an gle, T らistr a n smittan cefr o m
target to satellite.
Target irradlan c e(Io)1sbroke nd m into
dire ct s ola rbea m, diffu se skyirradlatlo nE d
a nd irr adiatio nfro m adlacent slope Ee as 1)･B)
Io - EoToCbcosβ＋ Ed ＋ Ee (2)
whe r eT oistransmit:tan c efr o msun to ta rget,
♂is s olar ele v ation a ngle, andβ(s olarinci
-
dence a ngle)isthe 訂1glet氾tW e en Sur払ce nor-
m alandthe solarbe am .
In the case of且atpla ne, tlle r eis n oEe and
m o stpara□1eterS Can be assu m ed co n stant. In
the rug gedterr ain , ho w e ver, not only s olar
incidenc ea ngleドbut als opath radianc e and
tr a n smittarlC eV ary pixel by pixel. Irradia nc e
fr o mthediffus e sky and adlacent slope als o
de p end ontheloc altopography.
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2.2Correctio nof high sun ele v ationim a g es
AsEdandEe c an beignor ed fo rthe s atemte
im age swith.highs un ele v ation ,topogr aphical
effectsc an be c orre cted using the c osinelaw of
sola r王ncide nta l唱k afterthe subtr a ctlon ofoff-
setc ompo ne ntas
R(Ⅹ,y)-(LB - Lp)/EoTsT8 CO Sβ (3)
Tbepar am ete rsh eq.(3)a r e usu any estlrnated
by usirlg r adiativetr an sfe rc ode su ch as6S2)or
Modtr a n6)I Ho weve r, the r e alw ays r e m血 s o me
unc ertainltyin atm o sphe ric c ohditlon s,in pa r-
ticuhr, a ero solc on centr atio na nd cha r a cte ris-
tic s. Co n ve rsion of thedigitaln u mbe rsinto r a-
dianc els an othe r e rror sou r c e.
In o rde rto a v oidthesedlfBc ultles,Zlkura et
al.7)ha ve pr opo s edthe digitaln u mbe rbased
relativ e co r re ction as
Rk,y) -(D N- a - b*z)/c osβ (4)
wher ethedepe nde n c eofpath radianc eis ap -
pr切drnated by alirle a rfunction . T 出s c or Te Ctlo rl
w a sbased o nthe a n alysis ofsim ulated data
usin g 6S, which show edthat the offsetc om po-
n e ntde cr e ases signi血: antlyin visiblebands as
theta rget altitudebe c om eshighe r, whileitc an
be as s u m ed constantln infr a red bands. The
a n alysis ofshado wedpiEels ah50 Sup portedthe
offset de c r ea se in vls王ble bands. Ininfra red
bands, hcw e v e r,the D Nlninfrared bandshav e
la rger de via n c ethan those expected from 6S
slm 山atlo n which as su m esflatphne.
It is re asonabletothinkthat the de viatio n of
infra red bandsls mainly c au s ed bytheirradi-
anc eofadla c entslope, be c a usethe usedim age
w as m ainly occ upied bythe de ciduousfo re st
with highrefle ctanc elninfra r ed bands c o m-
paredto visible bands.
3.Study Area a nd Data Ba s e
In o rdet to make our arlalysis cle a r, the
Siraka mi m o u ntan e ou sregion was selected a s
the study a re a, which isfam ousfo rits weupre-
Se Ⅳedbee ch fo rest and c ov ers 24 km by 2 1
km ･ Fr om the vegetatio n m ap,thebe e chfore st
oc c up y abo ut 70 %ofthe area as sho v nln
Fig.1.
T beLAnds atT Mlrn age used fo rthis study
w as aqulred on Ncrv'e mbe r2, 1998(Path108/
Row32), The study a r eais 由tr a cted and
ortho r e ctifledto theU T Mc o o rdin ate system
(Zon e54)by usi喝 the carfulb'selectedground
c o ntrolpoints. m e size ofthehrlagels800 11r 肥S
a nd 700pixels with 30m r esolutio n. Su n el-
e v ation a ngle(0)ls32 degre e a nd its a zim uth
angle 仏)王s127.degr e efr om the north. Figu r e
2show sBand 5 im age, which is u sedforthe
a n alyslis ofadla c e ntslope eue ct.
Japan Geogr aphycal Su rveyha spublished
digitale e v atio n m ∝lel with l弧Itude a nd lo n-
gitude c o o rd hate syste m wi thabo ut50m spa-
tialr esolution. Wehavetra n sfor m ed the D E M
into U T Mco ordlnate syst,e m asthe s atellite
im age. Theblun e a rllte rpOlatlonis used for
resam plir将 .
4. Dir e ct s ola r radiation
'
m edire ctsohr radiationls propotio nalto
the c osine ofsolarln cide n ce■angleβgiven as
co sβ I Sin O co se ＋co sO sin e co s(ヰー A) (5)
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Fig.1 Be e chfo r e st ar e aln Sir ak ami
m o u ntane o u s r egio n
Fig.2 krldsatT Mim age(Ba nd5)
usedlnthis study
whe r eeis slope angle and A is slop e azim uth,
w hich are calctnatedfr o mthe DE N.
′
me co sβ
is sho wn in Fig.3.
We c an n ote the sir n a rltybetwe en the satT
elliteim age a nd cosPim age. T heir spatialcor
-
r elatio n Ⅵ汚tho utdlsphc e m ent(8=カ)錦is0.74as
Show nin Table1. Asthe c o rrelation fo rdis -
pla c ed sa[tenitel工Tlageβ,the a c m cy ofthe ge o-
m etricalco rr ectlorls c on sidereda岳 w壮hin one
pixel. rt is also n otedthatBand5 hashigher
c or relatio nthan visiblebandsbe caus elt isles s
?tm o sphecallyin丑uenc ed.
5. : Extr actio n of shado w ed regio n
･
■
T her e ar etw o type ofshado wedpix els, the
onels selfshad 珊 edandthe otheris castshad-
ow ed. n e s elfshado w edpix el ha s n egative
T d)1e1 C土l 弧ge a c orrehdf)P, with displ紙 In edt
ofthe s atdl止ein 喝 e
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Fig.3Dir e cts ola r r adiatio nim age
calc uktedfr o mthe D E M
c o sβ, whilethe c ast shadow ed pix el ha sthe
l1垣he rho riz on ar唱1eto the sun dire ctio nthan
theelevatlon an gle of the s um.
In o n edim e ntio nalca se, Dozier etal.4)de -
v elop ed an efficientalgo rithm fortheho riz o n
c omputation . T hisdgo rlthm hasbe en extended
tothetw od止rle n Sio n alc aseby u s eofr otatio n
a ndlnterpolatiQ n Of the D EM9).
Takir唱 the ambiguityln the D E Wand thes e
c alc ulatio nirltO COn Slderatio n, w e s el cted the
thepixek of whichco sβisles sthan 1).2 a nd of
which horiz o na ngleisles stha n35degr e e. In
FLEA,the relatio n shipbetw e en target altitude
a nd digitalnu mbe r ofthe s elected pix els ar e
dr am . 一nle DN of Ba nd1de cre ase asthealt ト
tudebec o meshigher. Onthe othe rhand,there
is n ocle artrend ln Band 5a nditbaslargede-
viatio n.
6. Ir radlan c efr om the adja c ent slo p e
The radiance recle ved bythe pointM and
c o rrlingfr om pointP as sho w nin Fig.5 c a nbe
w dtten a sl)
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Fig･4Relatlo nshlpbetw ee nD Na nd target altitude ofshadow edpixels
where dSM and d Sp ar ethe are as ofpix els ”
andPr espe ctively, TM and Tp arethe anglesbe
-
tw ee nthe n o凪 alto the gr ound a ndthelin e
M P, histheluminanc e of P,rM Pisthedistanc e
betw e e n” and P.
T hough abs olute valu eof Lpis notdete r-
mined
,
ltis n atu ralto as su m ethat Lp ls
pr opotlo naltotheD NofpiEel M. Then theto-
talir radia n c ere cieved by point.M Is relatlvebr
expre s sed as
E
L.
- ∑ DNpc o sTw dSpco sT,)/rMP2 7)
P
We callthisad5acent slopefa ctor. The su m m ust
includethe pixels which are o rie ntedto w ards
M and n othidde nfro m p王∑el ”, that ls , the
LTD Tl
P
c alculatio n ofvie wshed fo r e a chpix elsls re -
quir ed.
As the vie w shed calculatio nlstim e e xpen -
sive, the ap pro xim ate m ethod has be en usu -
any ap plied tothe a ctu al s atellitelm ages臥6)･13)
whichigr10r ethedistance andr adiation ofad-
jace nt slope.
Re c e ntb,,fast a也orithm sfar view shedge n-
eration havebe en presentedlq)･1D･12). wang etal.
ap plied their algorithm tothe actu alsatelute
lm aFE eS3)I . but they as su m edtheho m ogeniu s
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Fig.5 Geo metric alco n slde r atlo n ofthe po ssible
r efle ctio n sfro m adja c ent slope s
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Fig.6 Relatio n shipbetw ee n adjace nt effect
fa cto r sand D Nofshado w ed pix els
sllrfa c e. We ap pbTthe exa ctrn eth∝1 wi thln o
-
m ogeneoussd ace expr essedin Eq17)to the se-
le cted shado wedphcls. F 如 e6 show sthe r e
v
1ationshipbetw e en theD Nof Band 5arid adja
-
centfacto rs .Itis se e nthattheshado w ed.pl瓦els
a r e ef6e cted bytheirradian cefro mthe adJac ent
slopes .
7 . Co n clu sion
By using the shado w edpb⊂els of the actual
satellite im age/ w eha v ee v alllated the
dependen sy ofpa.thradianc eh vlsib k ba ndarid
thel汀 adiatio nfro m the adlac e nt slopesin h -
fr ared bands.
Ⅰwi 11anabTZeir r adian c efro m diffuse skyin
visibleband. h addltio n, the se re stt^s shoul d be
an alyzed stat王stlc ally to developthe effective
co rre ction algo rithm fo r1:he sB[telliteim age eve n
with lo w solar elevatio n.
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